SET of eight thiomorpholide-hydrazone conjugates 6a-g and 7 was prepared in good yield by sequential Willgerodt-Kindler reaction on 4-aminoacetophenone then condensation with the considered aromatic aldehydes. The molecular fragmentation of these conjugates was interpreted by EI−MS. Structure elucidation of these derivatives was further studied using 1 H NMR, COSY, 13 C NMR, Dept−135° and HSQC techniques. The preferred conformation of the morpholine ring was assigned as the 4 C 1 conformation. The COSY spectrum of compound 6c showed abnormal deshielding of the N(CH 2 ) 2 over the O(CH 2 ) 2 protons which was explained. In vitro antimicrobial screening of these congeners along with standard antibiotics disclosed their moderate activity against E. coli, S. aureus and C. albicans. atom for hydrogen bonding with many protein receptors via donor-acceptor type interactions. Besides, the reduced basicity of the nitrogen atom under the effect of oxygen and the improved Egypt
Introduction
Morpholine is a popular fragment in many commercial drugs. The rationale behind that is attributed to the high affinity of the oxygen
Synthesis, Spectroscopic and Antimicrobial Studies of Some Simple Thiomorpholide−Schiff`s base Congeners
This contribution aimed at attachement of the morpholine ring as thiomorpholide to p-amioacetophenone taking the advatage of Willgerodt-Kindler [17, 18] reaction and its modifications [19] then condensation of the amino group with some aldehydes to prepare a set of thiomorpholide-Schiff`s base congeners. The cytotoxicity and antimalarial activity of related conjugates were recently disclosed [20] . The antimicrobial activity of the synthesized congeners in vitro was evaluated and some stereochemical features of the morpholine moiety were considered by different NMR techniques.
Results and Discussion
Chemistry p-Aminoacetophenone was converted into the thiomorpholide substrate 3 (Scheme 1) following Willgerodt-Kindler conditions. Thus digestion of p-aminoacetophenone with morpholine as reagent and solvent as well in the presence of S under reflux for 6 h afford edintermediate 3 in excellent yield after simple work up. This substrate was pure enough SYNTHESIS, SPECTROSCOPIC AND ANTIMICROBIAL STUDIES... Scheme 1. Synthesis of compounds 6a−g, 7: 6a (R`=R``=H, 66%); 6b (R`=H, R``= Me, 63%); 6c (R`=H, R``=OMe, 80%); 6d (R`=H, R``= NMe 2 , 54%); 6e (R`=H, R``=Cl, 43%); 6f (R`=H, R``=NO 2 , 69%); 6g (R`=OH, R``=H, 76%); 7 (60%).
for further use without any requirement for purification. Then, the required Schiff`s bases 6a−g and 7 (Scheme 1) were prepared in good yields under ordinary conditions by refluxing with 1.2 equivalents of the appropriate aldehyde in EtOH.
Mass spectroscopy
The fragmentation pattern of this series was studied by EI-MS, for instance compounds 6a (Fig. 2) and 6b (Fig. 3) which showed clearly peaks corresponding to the calculated formula mass of each one.
The mass spectrum of compound 6a (Fig.  2) showed peaks at m/z values of 238, 194 as base peak, 130, 90 and 86. This peaks, however cannot arise from the same molecular ion, instead three different molecular ions are suggested. If a molecular ion is formed by abstraction of The EI-MS fragmentation pattern of compound 6b (Fig. 3) followed exactly the same mechanism e mployed in the fragmentation of compound 6a to afford the m/z 130 ion, a peak at m/z 91 due to the tolyl group as a tropyllium ion and finally, the ions that follows the cleavage morpholine at the N−C(=S) bonds (Scheme 4).
NMR-Characterization
The NMR features of this thiomorpholidehydrazone series was studied in some detail using 1 H NMR, 13 C NMR, COSY, HSQC and DEPT-135° techniques.
The confluence of spectral data from these spectra gives deep features about the structure of organic compounds.Thus, in all 1 H NMR spectra of these Schiff`s bases, the imine proton of the Schiff`s base moiety was the most deshielded proton due to the anisotropic and inductive effects of the C=N linkage. It appeared as singlet at δ~ 8.5 ppm in all spectra. An exception is the offset signal of the OH group of the salicylhydrazone 6g at δ 13.17 ppm due to intramolecular H-bonding with the imine nitrogen atom.
In the 13 C NMR spectra, the imine carbon was observed at δ~ 160.31 ppm. The HSQC gave another evidence for this proton as observed in case of hydrazone 6c (Fig. 6) , where a crosssignal arose between the 1 H signal at 8.5 ppm with the 13 C signal at δ 160.31 ppm. Meanwhile, this proton did not display any cross signal in the COSY spectrum (Fig. 5) , and finally its 13 C signal appeared upward polarized in the DEPT-135° spectrum (Fig. 4) . On moving from the down-field to the up-field region of the 1 H NMR spectra of all thiomorpholide Schiff`s bases, we denote first that to the best of our knowledge only few spectral analyses were given for the chemical shift of the morpholine ring.
In a report given by Katritzky et al. [21] on some morpholines including even quaternized morpholinyl nitrogen, they demonstrated that the four morpholinyl methylenes are magnetically non-equivalent and appeared at chemical shift values of δ~ 4.69 and 3.82 ppm for the O-linked methylenes, while the values were 3.39 and 2.67 ppm for the N-linked methylenes. Interestingly, they declared from the coupling constant values that the morpholine ring adapts a chairconformation as deduced from the observed large and small coupling constant values.
Congeners 6a-g and 7 showed in the downfield region of their 1 H NMR spectra four triplets at δ~ 4.36, 3.72, 3.65 and 3.40 ppm, respectively. These triplets are related to the four (-CH 2 -) groups of the morpholine ring, which are quite obviously magnetically non-equivalent.
The integration of the most deshielded signal at δ 4.36 ppm was two-fold that of the remaining three triplets, thus denoting that it embodies the singlet of the -CH 2 -C(=S)-protons.
At first glance, we thought that the two downfield triplets at δ~ 4.36 and 3.72 ppm are related to the two O-linked methylenes, but the COSY spectrum of 6c declared another story. As shown in this spectrum, there was a cross-coupling signal between the two down field signals at δ~ 4.36 and 3.72 ppm which necessitates that they initiate from coupling of one O-linked methylene with another N-linked congener. Consequently, the remaining two triplets at δ~ 3.65 and 3.40 ppm are those of the remaining second -OCH 2 -and -NCH 2 -of the morpholine ring. Their cross-coupling signals are clear in the COSY spectrum.
A plausible explanation for this deviation in chemical shift of an -NCH 2 -group and crossing an -OCH 2 -group may refer to interaction of the nitrogen`s lone-pair of electrons with the π-bond electrons of the C=S group which becomes positively polarized. In this way, at least one -NCH 2 -group become extraordinary deshielded by the magnetic anisotropic effect of the resonance stabilized temporary imine and the inductive effect of its positively polarized nitrogen (Fig. 7) . This resonance might be responsible for the extra down-field shift of the singlet arising from the -CH 2 -C(=S)-methylene group which become equally affected by this resonance.
Calculation of the coupling constants of lines in each triplet revealed two common values of 4.2, 4.8 and 9.60 Hz. These values suggest a chair conformation of the morpholine ring, where the large coupling value is related to the diaxial-coupling or the coupling between axially oriented hydrogens on vicinal carbons (J a,a 9.0 Hz), where the dihedral angle is (ɸ = 180°). Consequently, the small coupling constant values are related to the diequatorial coupling between equatorially oriented vicinal hydrogens which coincidentally equal or of nearby value from the axial-equatorial coupling which gives rise to small coupling constant values (J e,e ~J a,e = 4.2 and 4. 8 Hz) . This conformation of the morpholine ring is represented in Fig. 8 .
As shown in Fig. 8 , the 4 C 1 conformation is a compatible stereostructure of the morpholine ring as it permits minimum repulsion among the hydrogen atoms and keeps the remainder of the molecule equatorially headed at the morpholine nitrogen atom with the least repulsion with it. Also, the COSY spectrum declared that the assigned signal at δ 3.87 ppm is related to the OCH 3 group as it is free of cross-coupling signals.
In the aromatic region of compound 6c, a cross-signal was observed between the two doublets at δ 7.84 and 6.98 ppm with a common coupling constant value of an AB system J A,B 8. 4 Hz, thus within the characteristic limit of 7−10 Hz. These doublets are related to the anisyl H−2,6 and H−3,5 pairs, respectively. The H−3 and H−5 are more shielded by the mesomeric effect (+ M-effect) of the methoxy group.
The other two doublets, at δ 7.33 and 7.17 ppm with a common coupling constant value of J A,B 7.8 Hz, are related to parent p-aminoacetophenone`s aryl group. Similarly as in the anisyl ring, the H−3 and H−5 pair are more shielded by some nitrogen`s lone-pair interaction with the benzene ring, which shields the ortho-protons more than the meta-protons.
Comparing the HSQC spectrum of 6cand the To deduce the chemical shift of the four ipso-carbons, it was necessary to compare the 13 C NMR with the DEPT-135° spectra. The disappearance of the signals at δ 164.63 and 151.22 ppm in the the DEPT-135° spectrum relates them into the C−4 of the anisyl and that of the other aryl ring, respectively. Similarly, the signal at 133.01 is strongly attributed to the ipso-carbon C−1 in both aromatic rings. Interestingly, the still appearing signals can be related easily to impurities that were still in the sample.
Finally, comparison of the HSQC, 13 C NMR and DEPT-135° spectra in the up-field region reveals that the carbon of the OCH 3 was quite obvious at δ 55.48 ppm from its up-ward polarization in the DEPT-135° spectrum. All methylene protons including the -CH 2 C(=S)-and morpholine`s four (-CH 2 -) groups were downward polarized in the same spectrum. The carbons of the methylene group in CH 2 C(=S)-and two morpholinyl methylenes, originally appeared at δ 4.35 and 3.63 ppm in the 1 H NMR spectrum, coincided in the 13 C NMR spectrum on the Y-axis in the HSQC spectrum and appeared at δ 55.84 and 50.24 ppm.
Another interesting conclusion from the HSQC spectrum is that: the chemical shift of the carbon atoms of the methylene groups of 
Antimicrobial screening
The antibacterial activity of thiomorpholideSchiff`s bases 6a−g and 7 was evaluated in vitro against E.coli (ATCC 11775) (Fig. 9) and S. aureus (ATTC 12600) (Fig. 10) according to the Kirby-Bauer disc diffusion method [22] . As shown in Fig. 9 , only three derivatives 6d, 6f, and 6g displayed growth inhibitory activity against E. coli. Their activities were moderate compared with the positive control (Ampicillin). Normally, Schiff`s bases and ligands in general are able to deplete metallo-enzymes from their metal ions that are necessary for their tertiary structures and activities, particularly when the structure and dimensions of the ligand are relevant to penetrate to the enzyme`s active site. In case of E. coli, the p-NMe 2 as in 6d, the p-NO 2 as in 6f, and the o-OH in 6g were advantageous in imparting the growth inhibitory activity among the considered series. They showed activities of 53%, 40% and 45% of the positive control, respectively.
On moving to S. aureus (Fig. 10) , only two congeners, 6b and 6d showed growth inhibitory activity against this bacterial species. Thus, only derivative 6d of the previous three derivatives retained its activity against S. aureus with activity of 61% of the positive control. The p-tolyl Schiff`s base 6b showed a growth inhibitory activity of 55% of the positive control.
The antifungal activity of all congeners in vitro was evaluated against A. flavus (Link) and Candida albicans (ATCC 7102) according to the Kirby-Bauer disc diffusion method too. While, A. flavus was completely resistant to our series, C. albicans was quite sensitive (Fig. 11) and it was even more sensitive than the considered bacterial species. The graph clearly displays the activity of all derivatives and fall within the range 41-59% of the positive control (Amphotericin B).
Conclusions
In summary, a set of simple thiomorpholide Schiff`s base congeners was prepared taking the advantage of Willgerodt-Kindler`s reaction. The stereochemistry of the thiomorpholide ring could be declared by NMR spectroscopy with abnormal shift in the COSY spectrum of compound 6c, that was explained. C. albicans was sensitive to the synthesized series compared with E. coli and S. aureus, while A. flavus was resistant. Prepartion of more thiomorpholide surrogates and their metal complexes, particulary of the chelating base 6g might lead to more promising antimicrobial results.
General Methods

Chemistry
Melting points were determined on Electrothermal apparatus and are uncorrected. , Chemistry Department, Faculty of Science, Taif University. Mass spectra were recorded on GCMS−QP 1000Ex Shimadzu spectrometers in the Microanalysis unit at Cairo University.
-( 4 -A m i n o -p h e n y l ) -1 -m o r p h o l i n -4 -y lethanethione (3).
A mixture of 1 (3.0 g, 22.2 mmol ) and S (1.5 g, 47.0 mmol) in 2 (5.0 ml, 49.0 mmol) was heated under gentle reflux for 6h then cooled to ambient temperature. The reaction mixture was coevaporated with toluene in vacuothen purified by flash chromatography from toluene to afford 3 (4.6 g, 87 %) as yellow crystals. R f 0.28 (toluene), other physical and spectral data were in accordance with the reported one.
General procedure for the synthesis of (6a-g,7).
A mixture of 3(1.1g, 4.6 mmol) and the relevant aldehyde 4a−g or 5 (4.6 mmol) in EtOH (6.0 ml) was stirred under reflux for 3h then cooled spontaneously to ambient temperature. The crystals were filtered, washed with little EtOH and recrystallized from EtOH. 2 -( 4 -( B e n z y l i d e n e a m i n o ) p h e n y l ) 
( E ) -
Antimicrobial screening
The antimicrobial activity of was determined using a modified Kirby−Bauer disc diffusion method. Ampicillin and Amphotericin B were used as bacterial and fungal positive controls, respectively, while DMSO was used as solvent and negative control as well. Four microbial species were considered, E. coli (G − bacteria), S. aureus (G + bacteria), A. flavus (filamentous fungi) and C. albicans (yeast).
Briefly, 100 µl of the test organism were grown in 10 ml of fresh media until they reached a count of 108 cells/ml for bacteria and 105 cells/ ml for fungi. 100 µl of the microbial suspension was spread onto MullerHinton agar plates. Paper discs (Scleicher & Schull, Spain) with a diameter of 8.0 mm were impregnated 10 µl of the test compound (4.0 mM) and controls were treated similarly. Plates were incubated for 48 h at 35−37 °C for bacterial strains, 25 °C for A. flavus and 30 °C for C. albicans. Inhibition zone diameters were measured with slipping calipers.
